We present electron paramagnetic resonance (EPR) results on Experiments on the two samples also show that EPR signal can be observed in A-type AF state although it is not expected in a three dimensional AF. We observe an interesting exponential temperature dependence of linewidth near T c in x=0.5 sample indicating solitonic contribution to the linewidth.
I. INTRODUCTION
Manganites of the general formula Re 1−x A x MnO 3 where Re is a rare earth trivalent ion and A is a divalent alkaline earth ion, exhibit a number of interesting phenomena such as colossal magnetoresistance (CMR), insulator to metal, paramagnetic (PM) to ferromagnetic(FM) or antiferromagnetic(AF) transitions and charge/orbitally ordered states as a function of x and temperature T 1,2 . Not surprisingly they have been the subject of intense study in the last few years. Recent experimental and theoretical studies indicate that manganites undergo intrinsic phase separation (PS) in the CMR regime 3 . PS refers to the spontaneous and competing co-existance of two (or more) different phases such as FM clusters in an AF background observed in the x-T phase diagram for x ≤ 0. Theoretical attempts to understand PS have been mainly through numerical simulations and mean-field calculations. Two different scenarios have emerged, viz electronic phase segregation and disorder-induced mixed state. In the former, a phase separated regime interpolates between the AF and FM phases while approaching the FM phase by hole doping of the AF phase. When long range Coulomb interactions are taken into account, the phase separated domains turn out to be of the order of a few nanometer size as observed in some experiments. 11 However, experimental results of Uehra et al., 5 indicated the presence of much larger (∼ micrometer size) domains. It is well known that the A-site cation radius < r A > plays a major role in determining the properties of manganites. It was also found 12 that the variance σ 2 of the ionic radii about the mean ionic radius also plays a significant role in determining the CMR properties. Such a disorder in the ionic radii is important for the phase separation. ±1K) and the EPR spectra were recorded while warming the sample. For measurements on powder, the sample was dispersed in paraffin wax. While doing experiments on both the single crystal and the powder, a speck of DPPH was used as a g-marker. While doing the lineshape fitting (to be described below) the signal due to DPPH was removed digitally. The method of analysis followed for each region is described below.
1. In the temperature range between 290 K and 255 K (the signals at 290 K and 276 K in figure 1 ), the signals are narrow and are well fitted to the derivative of a single Lorentzian described by equation 21 :
where ∆ H is the linewidth and H 0 is the center field.
2. Distorted signals are observed in the temperature range of 250 K to 210 K. These signals are also quite broad and therefore they have to be fitted with the derivative of Lorentzian consisting of two terms given by equation
where the first term represents signal response due to the clockwise polarized component of microwaves and the second term represents the signal due to the anticlockwise polarized component of the microwaves 21 . In this temperature range, we found that we could obtain better fits by using two Lorentzians with different linewidths and center fields, each described by equation 2. 
where α is the asymmetry parameter representing the ratio of the absorption component to the dispersion component of the response.
The fitting parameters thus obtained viz g value calculated from H 0 , linewidth and A/B ratio (the ratio of the intensity of left peak to the intensity of right peak of the EPR signal) measured from the experimental data are plotted in fig. 5 as a function of temperature.
As shown in fig. 5a the linewidth monotonically decreases as the temperature is reduced where evidence is provided for the presence of the two dimensional ferromanetic fluctuations across T c in NSMO0.5, it is interesting to speculate about the topological defects (soliton) contribution to linewidth dependence on temperature which should vary as ∆H ∼ exp (
where E is the soliton excitation energy. The contribution of topological defects to EPR linewidth arises when the defects are unpaired. This occurs in low dimensional systems.
We are tempted to suggest that the exponential temperature dependence of EPR linewidth attributable to the contribution of topological defects implies two dimensional nature of spin correlations in the paramagnetic state similar to the conclusions from X-ray and neutron scattering experiments 11, 14 Following an analysis similar to the one followed by Zaspel et al.,
the exponential fit to the linewidth gives a reasonable value of 0.24 eV for E.
From the above analysis of results of NSMO0.5 powder it is clear that the EPR lineshapes are very sensitive to the magnetic inhomogeneity of the sample. Such analysis of single crystal data was made difficult by large linewidths, large internal field effects and the sensitivity of the signals to the orientation of sample with respect to the magnetic field. To compare the results with a completely homogeneous material we also present here the results of NSMO0.55. As discussed earlier, this material has a homogeneous paramagnetic phase from room temperature to T N (230 K). Below 230 K, it goes into a homogeneous A-type AF phase. Throughout the observed temperature range in which we observe the EPR signal, we see that the signal is a single Dysonian as expected for a single crystalline homogeneous sample. It may be noted that we observe a signal below the Neel temperature unlike the CO manganites studied before but similar to NSMO0.5 which has an A-type AF phase below 100 K. This supports our interpretation that one of the two signal components in region 2,3 and 4 of NSMO0.5 is indeed due to the AF phase. Although an EPR signal is not expected in a three dimensional AF phase, theoretical work by Miyashita et al., 26 has shown that certain low dimensional systems such can give rise to EPR signal in the AF phase. Although A-type AF phase is quite different from the systems studied by Miyashita et al., the theoretical study neverthless suggests a possibility of an EPR signal in an AF sytem which is not a three dimensional AF.
The linewidths of these signals decrease monotonically in the PM phase, reaching a minimum T N and increasing rapidly below T N . The A/B ratio obtained from the experimental data is practically temperature independent in the PM phase and decreasess sharply at T N .
A/B ratio is an indication of the penetration depth of the microwaves in the sample and is expected to decrease with an increase in the resistivity. The resistivity in these single crystals show a sharp increase at T N and in accordance with that A/B ratio decreases.
The g value in the single crystalline sample is subjected to internal field effects hence not much information can be extracted. However, it is noteworthy that the magnitude of g value is less than the free electron g value and below T N it decreases sharply as expected for a homogeneous AF phase.
In conclusion, we have carried out EPR studies on NSMO0.5 and NSMO0.55 and through a comparison of results on the two materials, we show that EPR can be used as a powerful diagnostic tool for the interesting phenomenon of phase segregation in manganites. We show that one can observe an EPR signal in an A-type AF eventhough an EPR signal is not expected to be observed in a three dimensional AF. Further, the linewidth variation across T c in NSMO0.5 gives evidence for solitonic contributions.
Note added in proof
While this paper was about to be submitted, we came to know of the work by Rivadulla et al., 27 which also reports briefly on their EPR study of NSMO0.5. While both of our works report the presence of mixed phase in this compound, Rivadulla et al., conclude that ferromagnetic and paramagnetic phases are present below T c while we believe for the reasons described in this paper, the mixed phase consists of FM and A-type antiferromagnetic phases.
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